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The investigation covered in this report was conducted with the 
Yalline-Carriage Nepeated Tension Impact “Machine at the Guggzenhein 
Aeronautical Laboratory, Califormin Institute of Technolovy, Pasadem, 
Californin. 

Twenty-eicht aliuninun alloy test specimens were subjected to 
@ total of 7,834 1 pacts in the GALCIT Falling-Carriage Repeated 
Tensiom Impact WVeachine, Since the avcrace number of i pacts per 
Specinen wes about 220 it is believed that “his investi-ptim covered 
@® refine different from other investigfat’ os rmmde with this eqyuinoment,. 

Tne effect of elapsed time between series of inpacts was not 
establishei. The results obtained were contradictory, and it is 
believed that tnis was due to the enerzy ver impact being variable 
end unlnom, 

It is establishe? that the geometry of the weirht used i: this 
type of test has some influence upon the cloimtion proJuced, 

It is shown that 17°-T Suralumin is reletively sensitive to 
yiress concontrasivns causes by change in cross=<seet.on ard stmin 
mave reflectim, and relatively insensitive to stress concentravlous 


we te smill scribe merk, 





I TPOOUC TION 


Previous investigations mde with the Pallinv-Carriagfe Tension 
Impact Wachire have shown the possibility that the geonetry of the 
weimht attached to the specimen might have somo effect upon the elonre= 
tion preduced and the enerry absorbed by che specimen. This thought 
was especially brought about by the fact that the authors of refer= 


i a 


ence 5 had, in ome group of specimens, obimired a value of preater 


ean wiity, indieating that the ener absorbed by the specine: ws 
greater «han the enersy availeble. tt was Delieved that stress 
vaves reflected from the end of the weicht micht have caused this 
Dhenomenon. Therefore, it was decided to tert several specinens 
using weishts of the same mass, but differing by ea large amowit in 
leagth. 

Me re 'lts of the above nhase of the oroject were :ot con=- 
Clusivo and th re wes considerable evideyce to indicate thet the 
interval of tine beiweer series of imnacts micht hare hed e mrked 
influence on the el> pa ton produced in the snecimen. It was, there= 
fore, iecided to rake a series of tests to desermine whether or vot 
sLie was Meiving the indicated effects. The res: lts of the first 
tests apooured to show *»at the time interwal between each series 
or sixty impacts lad a very mrked effect upon the elongation per 
impact. if order to mke certain of this aonarent effect, the tests 


9 rect) a@m aacther saries of Svecimens. T5858 Secotdé series 


ilad comilctely to substantiate the results of the first seriess 


In attempting to exlain the above discrepancy it was deducted 
that the speed of fall of the carriaze had not been constant and that 
it was impossible to determine what the sveed had been. This fact 
makes some of the results doubtf.l and some of the emclusiors only 
tentative. 

The investigation was limited to eirht-inch Specine-s of 25, 175=T, 
and o4S5eT aluminum.allovs tested in tension L-pact at velccities of 
15.2 feet per second and below, 

The investigation was conducted by the authors at the Gureenhein 
Aeronautical Laboratory, California Institute of Technolory, Yasadera, 


Califor‘ie, during the period from December 1943 to May 1944, 


Mois ievestigation is one of a series of coordinated projects 
in the ficl? of repeated tension i neact using the GALCI? falling- 
Carrijce tegtine machire. ‘ssentially this machine consists of a 
falling carriage wiich moves on vertical guides above a heavy anvil. 
the upper end of & specimon is screwed into the carriage and to the 
loser ed is ser-ewed a weight of tilo desired mss, In the anvil, 
unter “ie center of the curriage, is a hole through which the weight 
eed specimen may pass. The carriage, Specimen and woight are raised 
vO ule desired height, then released. The carriage falls along the 
guides until it is stopped abruntl; by the anvil. The weight, nowe 


ever, cortinues on through the hole in the anvil acd thcrefore exerts 


& dyrmnic tensile force o1 the specimen, A protozraph of the machi 
is smo in Tig. 1, and a wxmplere desc: iption is given in refereice 


- YY Beardsley anc Contes, who desi;ned the equioamt. 
fm instrument tc.own os a "comparator" was used to place fine 

eribe rarks at intervals of ome Luch alo..g the length of the specimen 
wd to Suisere the clommation. The ivstrrrent consists of a Ssiati onary 
frame vo wirich the specimen is etwached, and a movable head which is 
rive; by a — of amm=ll pitch. Attuched to the heed are two 
mounts: ous Dcr the razor blade used in making the scribe lincs, and 
omé fora microscope used in meecurine the elo.gation. The position 

of tie ‘end is accurately indies ted by a micrometer connected to the 


a alll om ~ 
cecrew shalt. 
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PROCEDUW ANT WT LTS 


Before the tests were started the impact machine was overheuled 
and carefully inspected, The carriare guides were accurately alimed 
with shims and lubricated with graphite so that the carriaso moved 
freely and with small play on the guides. The trio latches were 
adjusted so that each latch trivmed at the same height, and the cam 
was set so as to release the carriare for a fell of thirty-three 
inches, 

The velocity of fall of the carrieze was measured as accurately 
Ss practicacle with a oneethirtieth secord spark timer and ws found 
to be, within the accuracy of the measuring equipment, equal to the 
velocity of free fall, thet is, V<cgh, or 13.2 fect per secouc. This 
cheek on the velocity of fall acreed with the results of previous 
investigators who hac usod the feallirg machine, and it wis therefore 
assumed throuchout the remainder of the tects that the volocity of the 
carriace wes the velocit:, of free fall. 

it was decided to alterct to creck the results ottained by Lee 
and Stirlins, as given ix a 5. Using the same height of 
fell (thirty-three inches), the sane woirht (3.923 lbs.), end the 
pave type of srecimen (eirht inches, 17%-T), it was believed tint 
a@pproximmtoly the same clongation and number of impacts to bre: would 
be obteirad, Specimen Cl to C=$5 inclusive were used for this purppseé. 
fne reshlis obtained failed to agrve with the resiilts as fiven in 
reforpneces 5, Actually, specimen (#5 to C-5 inclusive showed 19 


elonpation afver the first sity bapacts. Jince the velocity of the 


- om 


carriage had just previously been checked, and since the stress pro- 
duced in each impact was quite rear the yield point of the mterial 

it was bolieved that the small amount of cold work done on the speci- 
men during the first imoacts had raised the yield point sc that the 
following imoacts were in the elastic rarge. To check this possibility 
static imac: Gentt word made with two test bars mde from the sane 
stock used for the specimen. The avemmge ultimte strength of these 
two bars was 67,250 p.s.i., whereas the maximum strength shown for 
17S-T in reference 5 wis 63,500 p.s.i. The superior strength of the 
17S-T stock used in the present tosts apparently explained the failure 
to reproduce previous results, and it was therefore decided to in- 
erease the mass of the weight on succeeding tests. Also a chemical — 
analysis of the stock being used was made which definitely established 
the material as 175<T duralunin. 

For the rem nder of the tests, exespting those made with 2S 
material, two weights of 5.925 pounds wore used. One of these weights 
was three inches in diameter and three inches long, while the othor 
woight was 1.7352 inches in diameter and nine inches long. 

To investigate the effect of weight geometry, four specimens were 
subjected to imvacts until fri cture occurred using e height of fall 
of thirty-three inches, The three inch weirht was used on specimens 
CeB and Ce7 and the nine inch weirht was used on specimens Ce and 
C0. The elonzation was measured after each thirty impacts. A 
oraph of total elonpation versus number of invects for these four 


Specimens is shown in Fig. 4. . These curves show somewhat different 


~~ 


rattems for the three ind, woieht thar for the nine inch weitht in 
that most of the clongation occurs after a larger mwaber of lmpacts for 
tye lomcer weicht. the stud; of the influence of weifrht geonetry was 
ewstinued in succeeding tests, 

Two other features of these curves were noted. First, specimens 
J=G, U7, and Ce9 fractured in the fillet, with an average elopatio 
eat break of 0.341 inches, but snecinen C8, wiich did not break in 
“ec fillet, showed an elonzgatia of 0.781 inch at fracture. A ree 
view of previous tests on similar snecimens showed that nearly ell 
the fractures had been in the fillet. Therefore, the C-type specimen 
was altered in that the fillet radius was changed from 1/32 inch to 
1/4 ineh, and a collar was added to the weignt end to facilitate marking 
and the measuring of the elonmtion. The twenty-two succeeding 
Specimens were of this altered desion, and only one of then failed 
in the fillet. 

The second feature noted is exenplified by specimen C-8. che 
first ninesy impacts on this specimen were performed in one day. 
Miriny the first sixty of these the clonymtion per impact, er the 
Slope of the curve, was fairly constant, but during the next thirty 
impacts the curve leve s off and uo elongation wos produced. ‘this 
Stniency of the clomeation per impact tc decrease ani approach 2tro 
after a vertein number of impacts is obvious in all these curves. 
int after five days elanso” tine snecime.. C-S wis subjected to further 
inpeocts avd tee elompat’ om per iarect agelin vLecome nearly constant, 


with the curvo having a sonewmt increased slope. A similar effect 
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was noted in several other specimens, and an investigation of the 
effect of elapsed time between series of impacts seemed warranted 
and was undertake. 

Using specimens with the 1/4 inch fillet radius and employing 
weights of both three and nino inch ee test specinens Del to 
DeS were subjected to impacts, with a height of fell of thirty-three 


inches, according to the following time schedule: 








Specimen Weight 

Number Length Tame Schedule of Ispacts 
Del > a, 60 impacts every third day. 
‘Dw? . 3 60 it tg § tt 
Ded 9 Completed in one day. 
Tand, 3 tt it 9 tt 
DS 9 60 impacts every second day. 
TG S 60 tt tt Ww 


The results of these tests are shown as a plot of elongatim 
versus nunber of impacts ir Fig. 5, This graph indicated thet the 
time interval between each serios of sicty impacts apparently had 
a major effect upon the impact properties of the reterial, It was 
therefore Sette to conduct similar tests to reproduce these results, 
using specimens made from 172 T, 24ST, ard 25 stock. 

Specimens made from 25 stock were designated type G, and nwnbers 
Ge} — GeZ were tested to fracture using a weight of 1.945 pounds. 
Testing of each of these specimens was conpleted in one day, but they 
were tested on two different days; Six days apart. The data are 


plotted in Fig. 6 which shows that the results for the two specinsns 


are widely different, although the conditions of ths test wore supposedly 


















end nunbers Tel, F-2, and l=3 were the: tested to fractw 
being, completed in one dmy. A graph of elongation versus nunbe 
impacts for these specimens is showm in Fig. 7, end again the curves 


are inconsistent for no apparent reason. It appeared that some wn- 





| 

| accounted for parameter was of mejor ivnportance. 
The tests wore thereafter linited to 17Sef specimens usin 
| only the sine inch weight of 5.923 uate. Specimen Le] was sub= 
jected to continual impacts in one day and fracture occurred after 
ninety=two impacts. Sepcimens D3 end De4, tested similarly, re~ 
quired 675 and 533 impacts respectively. The slope of the curve 
«Specimen Pel was nearly cmstant, but the curves for the other two 

specimens were horizontal over a large number of impacts. 

In attempting to explain this very erratic behavior a study was 
made of all tests made to date, The only logical conclusion which 
could be roached was that the velocity of the carriage had not been 
constant. In order to produce the results show in Fig. 5 it was 
necessary that the velocity not only had changed, but that it had 
changed at just the proper tine and in the right amowt for all six 
of the D=type speci ems. This was necessery in order to produce three 
sets of two specimens och in which the slove of each pair of speci- 
mens was about the same but chanced by large amounts fran me set to 
the other. This corelusion, that the velocity had wriec in this 
vntorturate manner, which conclusim is still not definitely proved, 
is accoptec tetatively because of an inability to explain the resnlts 
obteined im any other mmor. 4n atteypt to show how this conclusimm 


was reached is given in fig. 8. 


it was believed inat if ris. 5 could be reproduced it would have 
to be deme with ea velocity of impact (holding the weight at 5.923 lbs.) 
Such tata lerge number of impacts would be req ired for fracture 
in one day. he height of fall was therofore progressively reduced 
on the "I" specimen until a low enerm level was reached, 

cpecian “#9, with a dropping height of 16.5 inches required 
G11 impacts for fracture in one day, and the clongatio: per impact 
wes nearly constant, With this same dropping height specimen I-10 
was subjected to sixty impacts every other day, and T=1]1 was subjected 
to sixty impacts every third day. The results are show in Fig. 9. 
Por all three of these specimens the elmpation per namet mae of the 
some order and nearly constant, and the average number of impacts to 
fracture was 719, The fact that time elapsed between scrios of ine 
pacts has any marked offect upon clongatim per impact was now aparently 
disproved, and the coneglusion that the speed of the cnrriage had 
varied over a wide rance Was tentatively corroborated. 

The data obtained for — tested is given in Table I. 
The essential data taken were: the weight of the mss musing the 
impact, the height of fall of this weight, and the elongatim produced 
in the specimen. It is believed thant the weicht of the mss causiue 
impact wes accurato to within 0.05 powmds, that the height of fall 
WAS accurebe to within 0.15 inch, anc that the elongations were 
measured to within 0.901 inch. 

A supsested procedure for taking repeated teasion impect dat 
With the equipnent available at the Califcrnia Institute of Toelmolory 


is included herewith as Appendix B. 


+. 
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efiect until more accurate date is aveilable. It is concluded, how ove 


























—... et | 
Fig. 5 shows an apparert effect of elapsed t 


ny while Fig. 9 shows that there is nc 





23 of 17S<? duralux 









marized effect. A deduction was made that the effect showm in the 






former fipure was due to varying velocities of impact. Nevertholess, 


it should be emphasized that it is rot tom definitely that the 








velocity did change during testis of the Detype specimer., nor that 
it was nearly constant during the testing of specimen :=9 to ° -ll. 


Therefore, it should not be definitely concluded that tire has no 


that no more investigations should be attempted with the lalling= 
Carriage Repeated Impact “achine mtil an accurate method of measurin 
the velocity of impact is made an integral part of the testing a parae 
tus so thet there will be no doubt about the impact velocity. It is 
also necessary that, for a set heizht of ‘fall » the velocity of impact 
be constart as well as accurately measured. Suggestions for altera- . 
tion of the rachine ard for desigm of velocity measuring equipment to 
obtain these two ends are civen in Apvendix A, 

Referring to colums 8 and 15 of Table 1, if a reprosmtetive 
group of C-type specimens is selected and another representative croup 
of tie “=type specimen is selected, seach group having about the same 
avorare number of impacts to vroduce failure, it is secn thmt the total 
elonmtion at fracture for the "C" group is abort 4.2 percent, wiilo 
Swe toil elongation at frxuture for the "ZL" groug is avouc 14.4 


merount, 


~ 14.. x 


Aotwally, the averege elongation of all specimens having a 1/32 inch 
fillet radius was 4.35 percent whereas the average elongition of all 
specimens having a 1/4 inch fillet radius was 11.70 percent. Fracture 
of all except ore specimen with the 1/32 inch fillet radius oecurred 
in the fillet, while for the specimen with the 1/4 inch fillet radius 
the breaks were well scattered throughout the specimen length and 

only one of them occurred in the fillet. This fact is shown in photo-e 
graphs presented as Figs. 10 to 14. 

Seribe marks were made with a razor blade at intervals of one 
inch along the specimen for measuring the distribution of elmpption. 
These marks formed notches of very small radius which were apparently 
ideal stress concentration points. Throughout the tests many of theses 
marks opened up and formed deep cracks, but in no case did the speci- 
men fracture in one of the marks. It is therefore show that 175-1 
is more susceptible to stress concentrations caused by change of 
cross-section and strain weve reflection than those caused by small 
scribe marks, 

If a apecimen is fractured in a dynamic tension test, that is, 
by one tension impact, With an impact velocity of avcoroxiratoly 15 
feet per second, a certmin percent elongation is produced, wnich for 
17S@-T is about twelve percent. If & similar specimen is fractured 
in an endurance limit test, the specimen theoretically has no clonga- 
tion, since the break occurs efter a very large number of stress 
cycles, of which the maximm stress is below the proportional limit 


of the material. Wow, if other specimens are tested in tension inpact 
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So that the number of impacts req..ired for fracture is vory large, 
then it would be expected that the eclonrution at fracture would de- 
crease ir prorortion. This is showm to be true for specimens of 
types ™, I, amd C in Vig. 15. The points forming these curves heve 
cmsiderable scatter, and the points for the Detyne specimen cennot 
be correlated, but it is believed that if the velocity of the carrisre 
tad been both constant ard accurately imowm tmt the curves would have 
beer well defired ard probably cf the same slope. It is th refore 
concluded that the larrer the mumber of impacts required to cause 
fracture, the less will be the totel elmpation at break. 

A clese irspection of colwms 7 and 13 of Table I discloses 
that the averace of the total elongatiovys obteired with the nino inch 
weirht wes greater than the average of the total clonmations produced 
oy the three inch weight. ‘ith vhe dat at nand no similer generaliza- 
tion ean be mde concerning the number of in ,acts required to cause 
fracture, It is therefore concluded timt the geometry of the weifht 
used has sone effect upon the elmeration produced in this type of 
test. ‘“o veneral conclusions resarding the influence of weictit geo- 
metry can be mde, however, since the stress cistribution alon, the 
specimer at any ~iven time depends umon the direct tension stress and 
the stresses caused by the plastic erd elastic waves. The stresses 
ezused by the plastic and clastic waves devend upon the le :zth of the 
specimen, the lem¢eth of the weifsht, the speed of sound in the svecimen, 


and the speed of sound in tho weirht. tmly ore of these parameters, 


- 16 


muamely, the length of the weignt was varied in this investigation. 
1% wuss @lso te ecmsidered that if a plastic or elastic wave is ree 


DUsSiv: alome the 


flected from the weight and if the stress Jistri 
snecing at aay «iven time cepends uno the stressus ceused bir the 
plastie and elastic weaves, which in turn depens upan ths lenrtn of 
the weimt, then the weve will be again reflected from that mart of 
the machine which is, directly atiechbed to the upver end of the speci- 
men, uni the stress distribution along tie spocimen at any given time 
will also depend upon the geometry of the testinr mohize. It can, 
snerefore, be concluded only that weignt geometry has sung influence 
upon elongation and that an exact correlation of data between eny 
two tests — tiat the geometry of both the weight anid mne testing 
machine be siniler, 

: 

In @1] cases much more than the average elon gation per impact 
wes produced on the first in-pact on eaeh specine:. This fact cn be 
seen % & comparison of the data tabulated in Table I, columis 11 
eid 13, The elongation ver impact wien decreased and somded to reach 
® sanewhat coirstant value near sixty impacts. This phenamenm is 
illustrated graphically in Fig. 9 by the curves of Specimens bw 
vo nell, Due to apparent variations in inpact wellooity the point at 
which the eloneption per impact became practia ly constaat, was not 
elweys the same, [4 is, however, exnocted thet ia any repeated 


tension impact test the elengeticn qu the first impact will be 


larger than the averere clonpatio.. cer impect. Phe explanatio 


for this phenomenon is bused upon tne sesumotion thet the lordinr +na 
unloeding of the specimen on successive Linpects is tlong lines erreliel 
to the inith 1 slose of the ctreee-str in curve. thie cesuits in 

‘wm dncresce in the yiela »oint of the materi:l with une increes¢ in the 
sermenent 94h of the meteripl. «45 4 result of this incr#)*e in the 
yield ooint the syecimen sbsorbs ele sticslly a gre ter percent of 

the Uct'i energy cveil:ble. Thererore there is less eergy :vieileble 
for plistic deformmtion znd iess elongetion cer imvect. jis soon 4s 

the elong tion of the g2ecimen is such that, when locding «long & 

line perellel to tne imitiel clope of the stress-strain curve, & 

ooint on the stress-striin curve is rezeched which is close to the 
uLtimete stméss the increase oer impect in the yield soint becomes 

very am ll «nu the elong: tion ser ingect tena: to become const-:nt. 

It is to be noted thit this phenomenon is most emo: rent when the 

number of impscts recuired to couse f:ilure is lerge. This ic true 
beceuse the cercent: ge ch-npe in the plystic energy Ser impsyct is 
lerse. 

The fect Wet most of the teepe in the evrly pet of the in- 
vesbication Serd net completed in one dy, nor :ccording to rny 
orgemived time echadhie, wes aue to frequent foilure of tne testing 
owchine, Yost ct the intecrugitions Were Cc uuea oy Ti tigue *, llure 
of bolte Wolding thé cirrinye rebound itches. This aiflicul ty wus 
effectively wliai: vec, the metiiod usec peinc @lecGatea in ASpendly fi. 


Wrouehout eif the veltad ade with the OULine carcitpe necoing, 


, 


be@iain this investige tien inc tempe diecusmeed in Nd, craig wyices, 
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bending of the srecimen hes occurred. Stirling und Lee :ttea tua 
to elininste this f:ult with the ecuiprent by imfptalling : bibl ime 
socket joint between the carrisge end the Svecimen, so tH t tre 
specimen end weight wouid hing free without «ny Leter:l vestr int. 
Bending ~ersisted throughout the oreeunt invest pion, “Homies 
Th& opinion of the authors tht ae bengling iz cused by comiresccion 
buckline of the ssecimen «hen the weient rebounds, 

én inssection of column 10 in conjumction with the rem inder 


Oe vie I snowa' th. t the buck sling hes no comsistent effect. Tame 


bee 


Be, § Sarll smount a « lorge «mount of bucxling cinoot be corre) ted 
With smzll or lerpe tot.1 elong: tions or imeects Te uired for fr cturel 
It is therefore ct: ted th t the effecte of bendin;y. of tne ssecimen 
upon tension imovet testing, if there :re cny Gfrecigy fre Ugkioen. 
ft eny rate, the bending forms enotner unknown end should be elininceted 
dn order to reduce ce Pur eg possible the number of = remeters, ¢ 
sugsestion for improving thie cherecteristic of the ecruioment is -a.de 
In $peencdix f. 

Figs. 16 to 25 inclusive cre vresentec to sho« the distribution 
on elongation of ty,icel svuecinuen tested. This distribution is 
Similer to th: t oresented in reference 5 in th + the greete@t amit ' 
elongation occurs nesr the ends of the g-ecinéa. |! ecloee exemin: tion 
of there curves of distribution of elongation, of tic «-ecimen cubiicted 
to impect with the nine inch weisht :né@ those subjeetedn te imguct i th 
the three inch weipat, shows th: bt the greiter tot:1 el Ong. tion et 


bre: k chown by cll s, ecinens eubdiccted te imoact «ith tee mane ier 


weiss ht Le 


r 
u 
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amcle of Abe gtm ver 
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Ve 


Undt Clonpmeti@ain tee Contrrl 


orti@n of Bhe Siew. It is Salik@vac Tht cm ik © tHe, aT 
ihe gigrertece in We time of tHe refbection of thd cir in saree wath 
the tourée inch na the nine inch weights. 
Tre static SUrGkb=etrran ch mict@ristios of ind@ Beveri le usm” 
Bink “ieeecodduct cf thar invweatay! tion a@re snow in The. 6%. | 
a Moet triviesit ct tWe cit Okan during tis invewtig: ticn 
i@ imscewible ‘eecnuge the ener.y sviicible to the g.ecimen is not 


Knom to © rideomuble eccuricy wnc if it were “non such in enelysis 
would gtiil be itapectibdic bec. usé the retin of uve yleetic averg ger 
imoact to wie elestic emery der imprct ie 90 mee! th. t the @rToms 
inyolawce in GetAcmining the phestic energy ec iow ct era much 1. rger 
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CONCLUSIONS 


l. It is necessary that en cccurete snd resid method of deter- 
mining the velocity of impact be neae om interril vcrt of the re- 
per ted tension imrect testing ecuirment. 

2 the Felling~Cerriage Tension Incect Machine schoule te 
modified in wnetever menner is necesszry to mexe the velocity of 
impect constent on successive insects from « constint height. 

3. The seoaetry of the weight used in thie tore of te®t es 
sone effect uson the elong tion produced in the ssecinen. Other con- 
ditions being the sime, « weight nine pee lon= frouuces more 

° 
elongetion th:n the s:me «eight three inches lone. 

4. 17ST dur: lumin is much more succestible to stress concen- 
tr:tions cruseda by changes in cross-section then to those ci used by 
gtel1l seribe warks. 

5. In tests of the tyze conducted, the elongetion of the s-ecimen 
at fricture is inversely prozortionnzl to the number of issecte re- 
cuired to sroduce fracture. 

6. when the number of impacts is smell the fr-cture of the szeci- 
men if eccomsrnied by considereble necking -ndéd ie of the cu? anc cone 
tyne, vheress, when the number of impects is lierge, the Sreeture ig 
of tne fPatifue troe without eny necking of the specimen. 

7. When the number of imsecta to c:use fr.cture is lirge the 
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“ew ieneeéts 


€lomgetion oer @acact is much lerger curing the firet 


tirn the ever.gé e¢longetion ceused by cl] the lanoects. 





1. 


Se 


10. 


a 
TAYE REWCES 


Mechlirg, W. B., and Jack, S. S.: An Evaluation of the Tension 
Impact Test by Correlation With the vhysical Properties of 
Aluminum Alloys. Thesis for tie Degree of Master of Seience in 
Aerorautical Enginecri:g at California Institute of Technolosy, 
1938, 


Beardsley, G. F., and Coates, L. D.: A Study of the -ffect of 
Repeated Tension Imnact Loads Upon Certain UVetals Used in Air~ 
craft Construction. thesis for the legree of “ester of Science 
in Aeronautical Engineering at California Institute of Peclmology, 
1939. 


Gentner, ii. Ea, and Biglow, J. 00: A Study of the Effects of 
Repeated Tension Impact Loads Upon Certmin Netals Used in Air- 
crart Construction. Thesis for the Degree of Yester of Science 


in Aeroeutioal Engineering at Califorria Ivstitute of Technology, 
1940, 


Olsen, ©. B., and Srowm, S. W.: A Study of the iffects of Re- 
peated Temsion Inpact Loads Upon Certain Motals Used in Aircraft 
Construction. Thesis for the Degree of Master of Science in 
Aeronautical bngineerizg at California Institute of Technology, 
1942, 


leg D. Ss, JPsy “. age ne, C. We: A Correlatio of Repeated 
Tension Impact Tests h Other Tersion ‘estg of 17ST Durelumin. 
Thesis for the hegme \-ye= neutical Engineer at Califorria Ine 
stitute of Technology, 1943. 


"mon, I. C.s Relation Between Tension v-tatic and Dynamic Tests. 
Pro@eedings &. 5. FT. @., VO. 36; Pert TI; 3805. 


“ymposium on Impact Testing. Proceedings A. o. T. Na, Vol. 38, 
Part II, 1938. | 


Jones, P. G., and oore, HK. F.: Effect of Strain late om Yield 
strength, Tensile Strength, “longation anc Reduction of Area in 
fensior Tests. Pre@eeding 4. S. 7. Vig Mb . 41, 194 


Jenks, G I.: Uffect of Specimen Shape and Size om Measured Values 
of Tensile Properties, Proceedings A. |. T. M, Vos 41, 1941. 


“a $f . aes is 
Clark, «. S., and "atwyler, G.: Stress-Strain “elations under 
Tension Impact Leadcine, Proceedings A. S. T. Me, Vol. 38, 19535, 
Pe 92, 





we hun 


b-PiInDLy 
SUGGES TOD IMPASVE.AGNTC IN CHE DECLGH 
ce 25 


LLING-CARAL: PAP SPIID TENS TON PEOaCT BS OCHIRE 


The following suggestions ere offered +e desireble inprovenents 
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lic chong 
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in the desimm of the Falling-Carricee Ne ected Tension Isyect 
1. Inetell four rollers on 711 triggers. 
2. Inereacs the Length cf the triggers 32/8" in order thet the 
cartiwge mey be picked uy over the center ef erovity of the cagri rey 


+ 


lp 2 ten 7 is carried out the Glot in the cirrime® murt be 


ivy 
f-- 


millec to cccomod:-te the increase in the trigrer length. 


Le Increase the cice of the bress siisser studs to the next 
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st nd: rd sive ena secure the studs cith on ¢ ffi 
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(The sige of the studs .b #resént inet: led is 3/16".) 

&«, Remove the stud in the center of the br:ee slijzsam. (Thic 
stud crnnot be seen with the c:rrizege inst:lled.) 

6. In pléece of the etud referreé tc in iteh & instill « bolt 
through the Ms acc anc the beck of the al iper. 

7. Increase tse depth of the beck of the slirvzer to ececomiuoc: te 
@ bolt the seme si-e .e¢ the slinsoer studs. If the incresse in Gewth 
is considered necessery to accommoc: te the bolt, new slicper@ murt 
be menuf: ctured. 


3. If ites 7 is cerried cut thé Carri: rs must be miji@e to 


67) 
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Becommoc: ic. the n 


9s Revel tae Useer wic lower edsed of the -licperns 
19. net 12 Da aPectric weter Gn & poraenent @ounting bredkét. 
ihe Pmilure of me tolt' holdipe the cirrisge rebound lr tcwes 
wes clinin. ted by ingtelling 63" ping secured with set scvems, in 
wince of the 1/2" bol t®. 

‘lt i@ Consaderea nundetor; thet the inst: llation of we velocity 
megauring ecu-yment be comsleted before :ny cadition: 1] investig-: tion 
is sede *ith the subject mégchine. 4 sugterted system is shown in 
Fig. #7. 


It is pecommenced thai the firyt ctwem-t to climinete the buckling 
problen be taede by ; cecrcewe in the length of the snecinen. Mis 
Will] re®eult an e decrease im the slenderness ratio «nd <« cecrewse 
in Uwe totel energy :vaileble for the production of « cuerersive 
"owee. Hoth of thee effdcts Will tend to climtni te the buckling. 


If it ie considered thet the coarresvive force wust be elimin: ted 
Otirsiy at is recompended, @s fF list resort, thet «= buffer mechonism 
gimiv®r to th® recoil «nc countetré€coil mech. nisc on @ gun b@ in- 
fatulied bDevecen the soecamen wid the ewrrigge. Thic is rreonmendéc 


wei: lege resort becrug@ “ny inetedlrtivn on the cerriage is enc ther 


sanrece of trouble. 


in order 


SUCCES 


The following suggestion 


=? Gn 
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that the tire westec 


suthors mcey be eLiminetea in 
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1. ma 


tis rum 


9°%th. 
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Ze ake sure 


-int#in a Waten on 


m 


: ere of fered to future inves tiectors 
enc the mist. «ces acce by the present 
succeeding invéstigz tions: 


the texting m@ehine «t abl times when 


ing. It mey go throug? 98 cycles smoothly enc jem on the 


ft impsc tite 


3. Ccerew the usver end 


end then gs 


4.e when both ends of the specimenars screwed home 


as 


rew the weight on 


e cuarter of gs turn on both e 


the counter reads cero before beginning + ceries 


of the specinen into the e:rri:ge, 


the lo#er enc of the ccecinen. 
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ands» this grestly lessens the difficulty 


of removing the short end of a frectured ¢ ecisen -hen the bre'k 


occurs very neér one end. 


ae 


eec the project notebook hency -t <1ll times ond enter in 


it every bit of avéileble dete even though it ss.ears irrelevont. 
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tis suggested that the beck of the book be used for recording cet 
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texen, ins 


re 


oe 


menuf:c 


te:d of using date: 


my ~~ 
sec tce 


f « ghisment of aeteri:l is received “hich is to be used 


turing ssecimens obt: 


aa 


and record in the notebook +i 


eviileble informeticn concernins the stock :nd sli: ce identiryins ti rs 


on the 


ctock itself 


ey 


7. Check the Giemeter o1 l epecifien® \.ith nmicrpceter cali, erg. 


[~~ 


An To meweure thd Weignt cof Tt11 of the cr@risg@tecizsce# +, serli 
U-chive met: 1 clid around the guide reils ebove the cerritze. the 


cerritg# will slide tis cli. elong the guides to its higuc«t fosi tien 
end then dro. eaey Prom the clin Which then Shows the higbect boimt 


Of Wmc Te: of TH6 crrrivre. 


e . \ 4 * ° 
9, Check the velocit® of imsact Pmemuentiy to see Wirt 1t vee 


4°® 
mio ine constant. 
19. Ih wedme @he@ co parwtorg co not et the niond or@ny otter 


Mei@ri wuch the frie towWhrich the s@ecinven im sttiselved or the 


AL crorcomc. 
ll. in m rking the asecimen, maxe the scribe lines very licht. 
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i? Ged ie’ cromerls, Gone Wpere mitt be no Sfiburées in te scribe 
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12, &Ssfter werking the gpecimens checc the cositiens of Ue 
merks With the wicroscope, and record the cctul cesiti na of the 
géres ritiicr Wien the inténced »sositions. 

In res@ing clome: titns ci®eye bring the jicrason ]e Cromit- 
BLE Te Uv 46 0 6@8cm serie line fram wna dinec tau. 
14. In focusing the microscope :lweys make the let novement 
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in the dGoen®erd cirectilon. 
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Pig. 1 Falling Carriage Tension Impact Machine 
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Fig. ll E Specivens After Frecture 





Fig. 12 E Specimens after Fracture 
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D Specimens After Fracture 
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Pige 14 F ard G Specimens After Fracture 





VdWI |} 30 Y38WON: oe | ae) | 





|] 0G | OGe | ‘OWE, | joUe | oor’ Oo 
Sen oe 
Z | 
Roe a 
>) - 
a 
869 
D>! 
[ 
om 
ee | 1 
pe ee 2 
(eee ee | ee 
| 
! tee et 4 
Bipee “8 
| | t i 
7 | : a 4 << 2 | 
Pa Na a aig 
ali NOILVONOT3 vidi NOdn SunLovus m 
* cw 3 haa a 
et “Av sidvaWl 40 N3BWNN 30 19344 2 g\2 
| a 
eae “ 
ee dtte tein eet |e. ap 
| vot i | a 
eee SS TS ee ee ee ee eee 
r ) | iy 
| | | ! | ate | 
pee eee ue —ad, | 1 i woe Ae 
— ‘taee | 
—_ 7 , ie ath 





| 











4 
See ee 
; { 


| 
, 919}s-]-— 


| | 





: [ a | 
oo) (he 
| 


= 


ae | | | 
ai 


. “ae oe 





| 
{ 
d tet ew 


| 
| 


Leer nerd ae eee 





eee 
| | are: = 

| | | -$ateze's - HOM "t 
Pi} |. -| SOIREE 'S. = LHONE 
ae | | a aN | 





aT i T Pea, 2 
med qt +" LLVONO13 





{ ; a 
| i | 
’ : : ‘ 7 i 

ae... | ee 
aa “Sia “| ae .0hC | ee 
1 


a. - | j [ 
eee Se ae Tcl aa a 
5 . & }- 

—— ee ee re | 


. 


! 
i 
: ¢ 














aretd -— 


| 
| | | > a ae bis Ps 
— ve ee 7+—— ONG rat Ss. F a —< 





| 
+ 


ee ee fee ‘alla 


i 

4 

| 
- a 

‘ 

I 

t 


— Se ear — — ee eed 
- bk - —_ 


~ SLoWaWt Osi 


‘ 
—— , a -- — —- —- _ ————- a — 
(e . _——_ - = = . a age 


“SLOWSWT 





eee y eae 4 Ua . , 20 


| ——_——_+-—__-__ - ar : a 90 





Pe eee ee Ol 


- 
—— 
—4-— 
+ 
ae 
—po 
— 
————ge 


| , ( . | _s | = Lo mi a ae de . ea 
| 


| : | , -$a71¢26'S - LHOIaM: Nig 


‘ale LONSWIKdS 
| 


1 


{ 

7 

! 
O 
octane 


° ——— ~~ Sm ot — ee —— — i 7 a =e > mS a. —_——- 


1 | | : | 


an _-NOLLVONOT3, 4O (NOULN@IeLSIO. — 


2 


ane 


| 

| 

r 
© 
CU 


| | | | | Sie 3 | | 
. | | | . ~ ! + als meen Kae 


—* 


HONI Yad SSHONI-NOILVONOTZ LINN 





$1 9l4 
SSHONI-HLINGA I 
8 d. 9 S ? c é 
J a, 
SLOVAW! O9 eg ee 4 








RR 
ote eee aie = 


SEIS C6 G -LHSIFM NIG 


8-9 NSVWIOFdS 


NOILVINOTA JO NO!HLNAYLS IOC 


~ SLOvdWIOB) 


LE te ees ET -- 


35 


JING) 


Aafwy 
-) if) 3 


nt? 


yi oe 


f 
ed 


= dé 


Ri, 43 


H- 











siove O¢ Rett a 


les avai 108 ete 


t= St 








+ -= 


HONI Yd’ S3HONI-NOILVONOTS LIND. 


NoTa 40 ) NOLL 





- <a — 
: 


a 











te ete ee ee ete ee 


1 
tee oe Ae ee eee ee oS 


| te 1g ON. ts | 


| tL SAH OMIM LONI 


! ' | 
t | . - { 1 








| | SL9¥AN1 09, 















Wa NES Hj- te ee ZO 
vO 
90 
: 80 
Soap e = Lozi 
te Vd Or 
- 21 
| 
oo eae a bt: 
| | 
‘ Car “seneze's 4 1HOISM: eet 
ee a ALT “2-0 NAWI93dS ot ot 
NOLLVONOTS 40 NOLLNEIHLSId | - 
rs Slay oe I 
! | ari ' | ! | 
| | 3 O2 


HON! Ydd SAHONI —-NOILVONOT3 LINN 











t 





— 3 











! | 
j- Bt 
a G 7 v | 3] ! | 
| 
| ta a A a ’ i 
. | 
SLove wi aie | wa eeu. ee | 
a ) om 
a E _<—- d 
| | d 
Beet Aan 
b 





feo ) | 
3 > | 
: Lee _ $8) €26 e§ -1nOBA WE ee 2 le te 
pt oe | | ea eer et 


4 onir __. .NOLLWONOT 73,30. oILA Lia. —— et ee) 


N: 


| ‘N 
| | 
be es et | : , 
: ' ‘ : 
| | | 1 7 
= a =o =a ne | a en ee a aot a 
' ’ { { j 
4 | . | | | 
\ : 
: a | | 
” , fp +— ee jt a CaP ~ + 
| | 
| | | 7 ' | 
\ \ \ 
we, — = 7 = + i 1 bs as _ | 
i | t ' | : 
| | 
} t | \ ei i eT wl eee 





_ | | pa 
. | 
-lyauour=tiona Phe iro e) = — 
. le o 
faa 


oO 


vO - 


490 


B30 - 


“or 


col 


al 


oT 


BI 


ora 


co 


HONI U3d S3HONI-NOLLVONOTS LINN 


ne ee ee oe 


ey ee 
' 1 
7 
' 
: 


Ss 


ee ee ye ee oe 


! 
* t ’ . 
jy ee = = a pea ees oe. 
2 1 oi : ie 


z) i _ 
en alee a | eee | 
BG) I 
: j we) | ba — —_— ‘ 7 ! . : 


ay 


cee | 








<4 = | a. 40: mh abs | 

teat. | lot saHon! = cae a 
| . 4 } ' 

we ia Sry | 

<a \ | - i : | | | ih ae | | , oe 7 30° 

Sr ee 


Seve me | |. o 


{ 4 i 


= oF a oe HOF} | ies 2/1 


\ i C) 
| - >  —ille yk ° - -—- = e L | \ * . a é (3 ‘oy t 
a | 








‘ i 4 
a ee pe ~€4 m_sa= me ee he — = a ee ee eer F 


4 
: ! 
; ‘ \ . ' - ' ; 
4 ft y 
e.| ~ | “<< © | 
--- -< =a — ' 
re } 
a | | | 
a ee ee tl ee es -—~+ - —+ -« a A — ' : 
‘ - | 
’ ¢ { 
' 
‘ 





ab 


‘ 
—_ _—_"-— ee ee a ata 
t 


) 
' 
: al : : 


vt 


| ” a at i | | G |: : 
ot ae 7 ey hao nS re 


t | | 
‘ ; ' . ‘ ! 
Cees oe) | Fh ae # NolLneruisiC | aiid - 
| ; 
i 


| \ 
. | | eo ! . l | | | 5 

lees fo ae ae Lh _Is.iovenozt-|——-— ---..d----+90 

! ! | | | 

— — - 4 ‘I : a : 7 





HONI 43d SASHON! — NOILVONO13 LINA 


a 


N30 Y3d NI NOILVONOT3 
o 6 @#§ 4A AF S| a 8 2 Ht O 6 8 4 9 GS +» € 2 |! O 





la 
‘ 
' ’ 


| 
| 
| 
| 
fe 
= 





=e ies 


al — 





i 
= 
| 
ieee 
: 
7 2 
| 
a 


—— 
: 
——— 
_— 
t 3 
' } 
Sea a == 
fi “4 
ae ee eee cree FG ee mena one 
ir 
tea cette a 
| | 
| 
j 


ro 
cp 
cae 


| 
| 
at 


ee 
' 


eS 
1 





sar: Ss 





’ ! ! 
tee 4- = en a hn mo ae TT amow tem = 





310001 
Sauls © 


IN39 Yad NI NOILVONOTS 
Oc 6 Sod 9| SI ot Ss <i I] Ol 





er. a 
| , . = tae — a ee ee 
oa Lio ‘ (NaWIO3dS. > 64 ee 
. ; | 
we | eee ede 2} 
! ‘amp Hs ! 
{ 


pe ee ee OO 


| I 
es ed aa 
il ies | | 





+ ’ 
4 
+ —_—_— - - eo = _ =o? ry . 


a) 


2 1 lee oe) Ss” 








1 
et es ee 
i 
i : 
ca 9% 
‘ 1 
= 4 . 
J 


‘ —— : 4 te _ ~ + += + — .—~- 
: } | qi | { | 4 | ' ; 
; , | ‘ | 
= - or. —— 4 Be 2 Seas e ae le te ae eee ee 
1 ; | ' - { . : : 
| | ; | | : (one A Ex | | | en 
ee fee po ett tt | | = 
; ! : ! | : 


| 
ee a ea Stone ett feeba to 
Hp | =) SBAMRD NIVLS SS3YLS ee 


. { 
ee Deere tt te | 
! ; 





_— — a ae eer 
: | 


a a | 
| 


| | 
J , ! 
| | | | | 
er yee mimi ms ape pater i 
f } { 
Pee rt Ne i 
; 
i | 





OS 


SS 


O 
O Oo 


SNI/S81000! wo 
SS 31S 


INAIG OMYUNSYIW ALIDOTINA 
PISOSDOYdS SO 


WHYOVIG OMIYIM GNY DILYWFHOS 





Bo! od 


(4924405 sybasq ) 
YDLIAAS U033”"9-YSNgG 


CVE! Wards +:°°ON ZI ‘joA 


poeInOdL Ia To 


FOU 


fe Jia 


i 
Bea) Ost OT m SF7@NL FLIONT 
Fr ae 


SoC aA YO \ 


SI7FD BDIMLIIVOLOW” 


oe a Oa 1 DS eae 9 oS-HO1H 


A 


eo" £9 


esjnd uC 
ivan 7 induy 
aay 
& Cc 
sw 
esird 440 
Zz enduy 


2 610Yo%/p 
1 Sin A,opde 


meme eee ei ee 


meme i ie asi = 


FNVIHOUW LOvaWi a | 


meee eee ee eee 


eee aed 





Sa2ores LHOMT 


ses Fe ae —_—_—S 
FOblyayxyva “y 


JNAWIG OMYNSYIW ALIDOTIA 
JTzISOS6eS JO 


WHYDVIG ONIYIN CNY DILYWFHOS 


(42R4Uu0> syvasg ) 
UDLIAAS UOIINI-YSNg 


80/ od 
CPO! Tlhadbd # ON ZI "ION 


»SIINOMLIFBTIA. 79H 


FNIHIYW LIbdwi A 


kA 
abIOY S/O 
Aoroer) "LA | 


meee ieee i see ee i 


meno)? 








Thesis 13680 
O33 Ours 
An investigation of 
the effects of weight 
geometry and time in 
repeated tension impact 
testing. 













thesO93 
An investigation of the effects of weigh . 


' 3 2768 001 97420 7 
DUDLEY KNOX LIBRARY , 





